###### Key messages

-   Concepts regarding osteoarthritis have dramatically changed in the past decade thanks to the development of new imaging techniques. MRI and ultrasound allow the early detection of pre-radiographic structural changes not only in the peri-articular bone but also in the cartilage, menisci, synovial membrane, ligaments and fat pad.

-   In this short review, we discuss the emerging concept of early osteoarthritis localised to the knee based on recently updated knowledge.

-   We highlight the need for a new definition of early osteoarthritis that will permit the identification of patients at high risk of osteoarthritis progression and to initiate early treatment interventions.

Introduction {#s1}
============

Osteoarthritis (OA) is the most common joint disease, causing disability and reduction of quality of life and participation in social activity. Now considered a whole joint disease, OA is characterised by cartilage loss, subchondral bone changes, synovial inflammation and meniscus degeneration.[@R1] Many studies have focused on understanding the pathophysiological mechanisms of OA in humans by histological examination of retrieved joint tissues from patients with OA or by employing cells, including chondrocytes or synoviocytes, isolated from tissues obtained from patients undergoing joint replacement, or by studying whole joint tissue in explant cultures.[@R2] In vitro research approaches such as these permit the study of the late stage of OA, but the biological processes involved in the initiation and in the early stages of joint disease in any given human joint are not well understood. In addition, there is no therapy shown consistently to delay the progression of OA disease. The limited efficacy of non-surgical treatments for OA may be due partly to their use at a late point in the evolution of disease when structural deterioration is often advanced.[@R3] Concerning animal models, it has been demonstrated that gene expression in joint tissues is different in younger mice as compared with older mice.[@R4] For example, a 10-week-old C57BL/6 mouse corresponds approximately to an adolescent human, while a 12-month-old mouse represents a human aged 40--50 years.[@R5] These data highlight the importance of considering the ages of animals used in models of OA.

Recently, national and international scientific societies have demonstrated great interest in 'early osteoarthritis' (EOA), as happened several years ago for rheumatoid arthritis. Even though several study groups of experts in the OA field have been created, a definition of EOA is still lacking. It is important to identify patients affected by EOA in order to initiate early interventions and therapeutic approaches that could prevent progression and severe structural changes in the joint associated with later stages of OA. The main objective of the present short non-systematic narrative review is to highlight recent insights from the Osteorheumatology Meeting held in Genoa in October 2014. The concept of EOA localised to the knee will be discussed by presenting the updated knowledge in this field. Old and new concepts of EOA will be explored according to different points of view. Many aspects can be considered in classifying OA as early, including the pathological processes, age of onset, symptoms, histology and imaging.

Pathophysiological mechanisms in early knee OA {#s2}
==============================================

Mechanical injury, hereditary factors and ageing can initiate the pathophysiological processes that lead to OA. At the beginning, a hypertrophic repair phase can occur, resulting in softening of the articular cartilage due to increased water content secondary to glycosaminoglycan (GAG) loss. In this phase, anabolic activities and production of collagen type II and proteoglycan are actually increased. Chondrocytes appear in clusters as the result of their increased proliferation rate.[@R6] [@R7] Cartilage mechanical properties are sensitive to composition and structure, so the loss of GAG content occurring in the early phase of the disease leads to alteration in cartilage compressive resistance and osmotic pressure within the tissue.[@R8]

Subsequently, in the early phase of the disease, the amplification of catabolic activity occurs, associated with increased expression of inflammatory mediators, cartilage-degrading proteinases and stress response factors. These alterations lead to cartilage loss, from fibrillation of the superficial zone to more complex and deeper fissures. Collagen type II fragments from the damaged cartilage surface can induce inflammatory responses in the synovial membrane resulting in hyperplasia, lymphocytic infiltration and perivascular lymphoid aggregates.[@R9] Inflammatory mediators released by inflamed synovium can promote cartilage degradation.[@R10]

EOA can be defined histologically as having a grade of 1.0--3.0 by the OARSI scoring system, which takes into account the depth of degradation into articular cartilage.[@R7] [@R11] Grade 1.0 is characterised by swelling of the articular cartilage, but mild fibrillation in the superficial zone can be present. In grade 2.0, small regions of the cartilage surface are lost, cracks extend deeper into the superficial zone, and chondrocytes have begun to form clusters. In grade 3.0, vertical fissures have advanced into the middle zone and formation of chondrons is seen. EOA changes affect only the superficial and the middle zones of the cartilage.[@R11]

Risk factors of early knee OA {#s3}
=============================

There is ample evidence that anterior cruciate ligament (ACL) rupture and meniscal tear are two major risks factors for developing EOA.[@R12] Injuries to the ACL frequently occur in young patients, especially in the athletes, leading to pain, functional impairment and reduced physical activity in the young or middle-aged adult, the so-called young patients with old knees. ACL rupture is a complex event and concomitant meniscal injury, collateral ligament tear, cartilage damage and bone contusion can be detected as a consequence of trauma.[@R13] [@R14] There are an estimated 900 000 cases of knee injuries annually in the USA and post-traumatic OA accounts for 12% of all cases of OA.[@R15] The prevalence of reported OA after ACL injury ranges between 10% and 90% according to different studies.[@R16] Also, untreated meniscal damage is a known risk factor for developing OA with an OR of 5.7 during 30 months of follow-up.[@R17] Similarly, a partial meniscectomy increases the risk of OA by four fold, as assessed at 16 years of post-surgery.[@R18]

EOA changes have been attributed in part to the increased joint instability and altered joint mechanics that result from ACL disruption or meniscal tear. In this environment, the articular cartilage is exposed to abnormal biomechanical forces and it has been suggested that these influences are responsible for deregulated chondrocyte matrix synthesis and repair capacity. Such acute mechanical injuries also result in the release of biological mediators such as cytokines, proteolytic enzymes and reactive oxygen species that may adversely affect chondrocyte survival and synthetic activity.[@R19] [@R20]

Several studies have found increased concentrations of cytokines in synovial fluid aspirated from the injured knees of patients with acute, subacute and chronic ACL deficiency.[@R21] [@R22] The role of inflammation in the initiation of OA following meniscal damage has also been highlighted recently.[@R23] In support of this concept, in patients with traumatic meniscal injury but no radiographic evidence of OA, the synovium retrieved during meniscectomy is frequently inflamed and inflammation scores are associated with increased pain and dysfunction and a unique chemokine profile.[@R24] The presence of additional OA risk factors in patients with ACL rupture or meniscal tear, such as obesity, age, joint malalignment or genetic risk factors, may lead to more unfavourable outcomes. Moreover, some new or controversial risk factors have been associated with early knee structural changes detected by magnetic resonance imaging (MRI), including smoking, physical inactivity, muscle weakness, leptin, vitamin D deficiency and dietary fatty acid intake.[@R25]

To identify people at high risk of developing OA, it is important to initiate early interventional treatment in patients with early structural changes, even if they are asymptomatic. Since it is well established that ACL rupture and meniscal tear leads to OA, injured patients represent a unique opportunity to study and understand the pathological mechanisms involved in the early phase of the disease. Potent anti-inflammatory drugs have been administered at an early stage after ACL tear to test their potential to prevent the development of the disease.[@R26]

Symptoms in EOA {#s4}
===============

The hallmark symptom of knee OA is pain and two different patterns of pain have been described according to the disease stage. In the early phases of the disease, pain is related to activity and becomes more constant over time, while in the late stages there is 'background pain' interspersed with unpredictable intense pain.[@R27] Radiographic evidence of OA is a relatively late marker for the structural evolution of the disease. Large epidemiological studies have demonstrated that X-ray abnormalities often occur in the absence of pain. The prevalence of asymptomatic knee OA among adults aged 45 \>years was 12% and 11%, respectively, in the Framingham study and Johnston County Osteoarthritis Project.[@R28] [@R29] One possible reason is that pain-sensitive features in the joint are not visualised by the radiographs. Early osteochondral defects and meniscal tears detected by MRI have been found incidentally in middle-aged and elderly people and are often not associated with knee pain or other symptoms.[@R30] This finding highlights the concept that EOA changes can be asymptomatic and pain, stiffness and aching may occur later in the history of the disease when the OA pathological process is far advanced.[@R3]

Pain is a very complex phenomenon and it is important to understand why it occurs with precise timing in the joint structures that are responsible for producing it inside the knee because new therapies can be specifically targeted. In a recent systematic review of the literature, bone marrow lesions (BMLs) and effusion/synovitis have been correlated with pain in knee OA, suggesting that these features may indicate the origin of pain in knee OA.[@R31]

Classification of early knee OA: need for new criteria for the diagnosis {#s5}
========================================================================

Both the American College of Rheumatology (ACR) criteria of 1986[@R32] and the recent European League against Rheumatism (EULAR) recommendations in 2010[@R33] do not provide criteria for the diagnosis of EOA. The ACR criteria are based on symptoms, especially pain; age more than 50; clinical signs; radiographs and laboratory findings, the latest in order to rule out autoimmune or inflammatory arthritis.

It is surprising that the 2010 EULAR recommendations[@R33] do not significantly differ from the 1986 ACR criteria: OA is defined as a common joint disorder showing focal cartilage loss, new bone formation and involvement of all joint tissues, introducing the new concept of OA as a whole joint disease; however, the diagnosis is still based on symptoms (usage-related pain, short-lived stiffness), functional limitation, clinical and radiographic findings, and risk factors (age, gender, body mass index (BMI), occupation, family history of OA, history of knee injury, etc). Nevertheless, in the future research agenda, EULAR highlights the importance of developing diagnostic criteria for early symptomatic knee OA.

Recently, Luyten *et al*[@R34] have proposed classification criteria for early knee OA, with the aim of identifying a subpopulation of patients with signs of emerging joint disease and potentially at a higher risk to develop frank OA of the knee. The authors, experts in treatment of cartilage lesions of the knee, underlined the need for better characterisation of the patients for inclusion in regenerative medicine clinical trials. The classification is based on symptoms of EOA (pain: at least two episodes for 10 days in the past year), structural changes as defined by regular radiographs (Kellgren-Lawrence (K-L) grade 0 or 1 or 2 osteophytes only) and early degenerative changes detected by new imaging techniques and arthroscopy.[@R34]

Imaging techniques in early knee OA: from radiographs to MRI {#s6}
============================================================

*Plain radiography* is considered the current 'gold standard' for morphological assessment of knee OA, while other imaging modalities such as MRI and *sonography* are seldom indicated for the diagnosis of OA.[@R33] Bone sclerosis, subchondral cysts, osteophytes and joint space narrowing, an indirect sign of cartilage loss, can be detected by radiographs.

The K-L scale, which takes into account several radiographic features of OA, including joint space narrowing and osteophyte development, has been traditionally exploited since 1957 to assess the severity of radiographic knee OA and is still used in clinical trials to assess disease-modifying OA drugs.[@R35] The explanation is feasibility and tradition, as well as the fact that no clear cut-off or overall severity grade exists for OA in the MRI classification criteria.[@R36]

The K-L grading scale usually defines the presence or absence of OA using grade 2 as the threshold, or according to a recently proposed new definition, grade 2/osteophytes (osteophytes only, no joint space narrowing).[@R37] In many studies, the K-L grades 1 and 2 have been considered as evidence of early radiographic OA. Five different descriptions of the K-L score have been found in the literature resulting in disagreement in defining and grading OA between different study cohorts.[@R38] Different versions of the K-L criteria have impacted the classification of OA, especially in the lowest grade (K-L ≥1), in which all alternative K-L descriptions classified more knees as having OA than the original classification.[@R39] Schiphof *et al* found that the reproducibility of two trained readers was low for the cut-off K-L ≥1, due probably to the influence of personal interpretation of possible osteophytic lipping. The authors suggested the use of alternative K-L versions instead of the original one to distinguish no OA (K-L=0) from possible OA (K-L=1).[@R39] Nevertheless, the same group have has recently demonstrated the achievement of a good interobserver reliability between trained readers and an experienced reader for the assessment of EOA grading.[@R40] The differences between these studies may be due to the type of training received by the readers for the assessment of EOA grading.

Nevertheless, by the time the first knee joint changes are detected by radiography, more than 10% of the cartilage is already lost.[@R41] There are many joint tissues not visible by radiographs, including the cartilage, synovium, meniscus, ligaments, capsule and fat pad. The concept of EOA is dramatically changed since the introduction of new imaging techniques such as MRI, which is more sensitive for detecting early structural changes, not only in the bone, but also in all joint tissues. MRI enables visualisation of knee OA on a spectrum from a normal joint through EOA to clinically and radiographically evident OA,[@R41] detecting cartilage defects, loss of cartilage volume, subchondral bone changes, BMLs, synovitis and meniscal tears.[@R42]

Two semiquantitative scoring methods have been developed for assessing joint changes detected by MRI in knee OA: the Whole Organ Magnetic Resonance imaging Score (WORMS)[@R43] and the Boston Leeds Osteoarthritis Knee Score (BLOKS).[@R44] Both of these scores are used in the classification criteria for EOA proposed by Luyten for grading cartilage morphology, meniscal tears and BMLs.[@R34]

New methodological approaches for compositional quantitative assessment have been introduced and MRI techniques such as T2 mapping, dGEMRIC and T1rho are currently used in clinical trials focused on EOA to evaluate collagen or GAG content in the cartilage and meniscus.[@R45] Many studies have evaluated the significance of MRI lesions predominantly in knees with prevalent radiographic OA (K-L grade ≥2).[@R31] [@R46] Nevertheless, early structural changes detected by MRI are frequently also observed in community-based studies of younger individuals and/or people without diagnosed OA according to the ACR criteria or significant symptoms requiring intervention.[@R25] Cartilage defects are detected by MRI at three times greater prevalence than by radiography before the age of 45 years and are commonly observed in younger and/or predominantly 'healthy' non-OA cohorts with a prevalence of up to 71% in healthy women.[@R25] [@R47] Cartilage defects in a number of younger community-based populations have been shown to decrease over time.[@R48] [@R49]

This suggests that cartilage lesions may be reversible, especially in populations with younger age, lower BMI, decreased BMI, lower cartilage volume, smaller tibial bone size and lack of radiographic change.[@R47]

Even BMLs and meniscal tears are visualised by MRI in 'healthy' individuals or patients with EOA at a prevalence of up to 39% and 72%, respectively.[@R30] [@R50]

BMLs have been detected at a lower rate in healthy participants than in OA patients. Incident BLMs were associated with BMI and development of pain. Moreover, BMLs have been demonstrated to predict increased knee cartilage defects and loss of cartilage volume in healthy middle-age adults without knee pain over 2 years.[@R51]

Nevertheless, BMLs may be reversible and can decrease in size and even resolve in younger and/or healthy participants.[@R52] It is important to study pre-radiographic or 'relatively healthy' populations with early MRI structural changes in order to understand OA development and to identify risk factors that will permit identifying early strategies of intervention for addressing cartilage defects and BML. In a cohort of 855 patients (mean age 31 years) with subacute knee symptoms (pain more than 4 weeks) and K-L grades 0 and 1, the development of OA at 10 years was associated with ACL and meniscal lesions visualised by MRI at the baseline. The incidence of OA (K-L ≥2) was 23% for tibiofemoral OA and 22% for patellofemoral OA.[@R53]

MRI lesions have been evaluated recently by Sharma *et al*[@R54] in a cohort of 849 Osteoarthritis Initiative participants at increased risk for OA but with K-L grade 0 in both knees. Cartilage defects were found by MRI in 75.5% of patients, BMLs in 60.5%, meniscal tears in 21.2% and meniscal extrusions in 13.9%. Interestingly, cartilage damage, BMLs and meniscal extrusion correlated with prevalent and frequent symptoms at the baseline. Moreover, cartilage damage, BMLs and meniscal lesions were each associated significantly with the incidence of persistent symptoms at 60 months of follow-up.[@R54] BMLs were associated with incident patellofemoral cartilage damage. The frequencies of joint lesions found in this study were consistent with those described in the literature in patients without radiographic signs of OA.[@R30] [@R50] [@R55] The authors concluded that pre-radiographic MRI lesions, as suggested by other studies,[@R57] were not an incidental finding, since they were associated with the prevalence and incidence of symptoms in the population of patients at increased risk of OA. A limitation of this study was that the MRI reading did not include effusion and synovitis, which can correlate with the onset of the symptoms. Synovitis is common in EOA and late OA and is associated with OA symptoms and progression.[@R58] [@R59]

Synovial inflammation is a factor that contributes to dysregulation of chondrocyte function, favouring an imbalance between the catabolic and anabolic activities of chondrocytes in remodelling the cartilage extracellular matrix.[@R60] Synovial inflammation evaluated as lymphocytic infiltration by histology has been found to correlate with symptoms in patients without radiographic evidence of OA (K-L=0) undergoing meniscal surgery for meniscal tear.[@R24] Moreover, baseline effusion and/or Hoffa synovitis detected by MRI in patients with non-radiographic signs of OA have been correlated with the development of OA in two recent studies.[@R61] [@R62]

Radiographically invisible pathologies such as cartilage defects and meniscal tears can also be seen by *arthroscopy.*[@R63] Arthroscopy, with its tactile and dynamic capabilities, permits palpation of the joint tissues with a probe, allowing detection of softening, which is the earliest change in the cartilage. The Outerbridge score[@R64] was developed for the assessment of cartilage changes; a grading of I (softening) and II (cartilage surface damage \<50% of the tissue depth) can be considered as signs of EOA.

Even *ultrasonography* (US), in contrast to conventional radiography, permits visualisation of (peri)articular soft tissue structures, and compared to MRI it is relatively safe, inexpensive and less time-consuming. Limitations of US are its operator-dependency and its inability to assess deeper articular structures due to the acoustic shadowing.[@R65] US can detect and evaluate both early and late abnormalities in OA involving the hyaline cartilage, synovial membrane, meniscus, joint capsule, bursa and bony cortex. Initial findings involving the hyaline cartilage are represented by blurring of the edges, which become irregular and lose the normal sharpness. Initially, they involve the superficial cartilaginous zone and correspond to micro-cleft formation attributable to tissue structural deterioration.[@R66] OA is often associated with low-grade synovitis, and synovial inflammation has been correlated with joint pain and dysfunction and, importantly, is a major risk factor for the more rapid progression of structural joint deterioration.[@R67] US can detect synovial hypertrophy, joint effusion and increased vascularity analysed by synovial power Doppler, with a moderate to good intra-observer and interobserver reliability.[@R68] In addition, contrast medium-enhanced (CE) musculoskeletal US has been shown to be more sensitive in detecting synovitis than CE-MRI in patients with painful knee OA.[@R69] These studies demonstrate that US is a valuable imaging tool for assessing OA joint pathology and further studies, focusing on detecting early changes of OA, are needed with this technique.

Conclusions {#s7}
===========

The concept of OA has changed dramatically in the past decade. This is related to the development of new advanced imaging techniques, such as MRI, which can detect alterations in the structure and composition not only of cartilage and bone but also of all other joint tissues ([figure 1](#RMDOPEN2015000062F1){ref-type="fig"}). Not enough is known about the significance of pre-radiographic lesions such as cartilage defects, BMLs and meniscal tears detected by MRI, but it is clear that they correlate with persistent symptoms, at least in patients at high risk of developing OA. Moreover, BMLs and meniscal lesions are associated with increased incidence of cartilage defects and loss of cartilage. Cartilage defects and BMLs are potentially reversible, especially in younger participants, suggesting that intervention at early stages may forestall joint structural changes that would otherwise progress rapidly to OA. Even synovial inflammation can predict progression of OA in patients without radiographic signs. Further studies evaluating apparently healthy cohorts of patients will be necessary to permit an understanding of the significance of MRI lesions in the pathogenesis of OA. New classification criteria for EOA are needed to identify patients at high risk of OA progression in order to initiate early preventative treatments. A research agenda is tabled below ([box 1](#bx1){ref-type="boxed-text"}).

![A schema representing the changing concept of osteoarthritis (OA) in the past decade based on the introduction of new imaging techniques that permit earlier OA diagnosis.](rmdopen2015000062f01){#RMDOPEN2015000062F1}

Research agenda

-   Identification of risk factors for developing early osteoarthritis (OA)

-   Classification criteria of early OA patients

-   Assessment of the role of MRI, ultrasound and other new imaging techniques in early OA, including anatomical and functional correlations

-   Assessment of standardised definitions, detection and grading of elementary lesions in early OA

-   Evaluation of strategies to treat high-risk groups based on imaging studies suggesting early structural changes
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